flMcnepcMOHHhiM sjieMGHT ycTpoMCTBa JXJifi c^aTMH jiasepHbix 

HMnyjTbCOB Ha OCHOBe njiaHapHOM $OTOHHO-KpMCTaJIJIM^eCKOM CTpyKTypti 

(BapMaHTtj) . 

HacTOHmee M3o5peTeHMe othocmtch k o6jiacTM jiasepaoM tsxhmkm 

M BOJIOKOHHOM OnTMKM M MO^KGT HCnOJlb SOBaTb CH npM COS^iaHHM 

KOMnaKTHMx KopoTKOBOJiHOBbix jiasepHMx ( OT HecKOJibKHX $eMToceKyH;^ 

no HeCKOJTbKMX HMKOCeKyHfl) CMCTeM, a B ^aCTHOCTM, COBMaHVlB 

KOMnaKTHMx KOMnpeccopoB CBeTOBMX MMnyjibcoB Ha OCHOBe njianapHbix 

^OTOHHO-KpHCTaJlJlM^JeCKHX CTpyKTyp MO^eT 6bITb MCnOJlbSOBaHO MJii^ 

MMHwaTiopMsauMH RspejiOBbix TBepAOTejibHUx MMnyjibCHUx JiasepHbix 

CMCTeM. 

B HacTO^mee bpgmh npoMcxo^MT npouecc MHTencMBHoro 
HccjiejxoBaHMiq (Jotohhux KpMCTajiJlOB, npeflCTasjiHiomMx co6om hobmm 
TMH MCKyccTBeHHbix cTpyKTypHo-opraHMSOBaHHbix cpejx c TpexMepHOM 

nepMOW^HOCTbK) OnTWyeCKMX XapaKTepMCTMK, B KOTOpblX SJieMBHTapHbie 

KpMCTajiJiM^ecKkre h^smkm mmokdt pasMepbi nopn^tKa onTM^ecKOM ;ajiMHbi 
BOjiHU- BcjieflCTBMe nepwow^ecKOM Mo^yjiHUMM mx noKasaTejiH 
npejioMJieHMH $oTOHHbie KpMCTaJiJibi b onpeflejieHHbix MHTepsajiax jxjivih 

BOJIH M BOJIHOBblX BBKTOpOB XapaKTepMSyiOTCH OCOObIMM pBySO/lUaMVl 

pacnpocTpaneHM^ CBeTOBbix bojih. VKasaHnbie CBoiicTBa $otohhmx 
KpHCTajTJioB aKTMBHo HCCJieflyeTCH B nocjiewee BpeMH b cbh3m c 

BOSMO^KHOCTbK) MCnOJlb30BaHM« B paSJlMWHblX BMJiax npMJIO:KeHMM , 

BKjiio^ai^ ynpaBJieHM^q cnoHTaHHMM MSJiy^eHMeM, paspaCoTKy 
nojiynpoBoj5HJ4KOBbix JiasepoB c BepTMKajibHbiM pesoHaTopoM, cosaaHMe 
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OpsrroBCKMx OTpa»:aTejieM m ^MpnMpoBaHHbix sepKaji, HMSKonoporoBbix 
onTMMecKMx nepeKJiioyaTejieM m orpaHUMMTejiew, a TaK^e HejiMHeMHtix 

J^MOflOB . 

MsBecTHbi jiMcnepcMOHHbie sjieMeHTbi, ocHOsaHHbie Ha $otohho- 
KpMCTajiJiM^ecKMx CTpyKTypax m BunoJiHeHHtje b BM^^e nepwo^iM^ecKOM 
CTpyKTypu c$opMMpoBaHHOM M3 nepMo jtH^ecKM ^epejiyiomMXCH cJioeB c 
pasjiM^HHMM noKasaTeji^MM npejiOMjieHMH («KBaHTOBaH 

3JieKTpoHMKa», 25, N' 10, CTp. 885-890, 1998r., A.M.^ejiTMKOS, 
H.M.KopoTeeB, C . A.MarHMUKMM, A. B. TapacHuiMH «KoMnpeccMH cseTOBhix 
MMnyJIfaCOB B $OTOHHUX KpMCTajiJiax» ) . 

ABTopaisdM Ha npMMepe yKasaHHoro wcnepcMOHHoro 3JieMeHTa 
Msy^ena bosmo^khoctb ynpaBJieHMH 4>a3ofi m jiJiMTeJTbHOCTbio KopoTKMX 
jiasepHbix MMnyjibCOB c noMOiubio yKasaHHbix wcnepcMOHHbix sjieMeHTOB. 
BbinojiHeHbi aHajiMTM^ecKMe MccjiejiOBaHHfl C3KaTMH m ^asoBofi MOxtyji^uMM 
MMnyjibcoB B o;iHOMepHbix cTpyKTypax c $oTOHHbiMM sanpemeHHbiMM 
soHaMM. npM 3TOM aBTopbi B cTaTbs npe;iCTaBjiHioT pesyjibTaTbi 

MCCJiejaOBaHMH B03M0»CH0CTeM yKaSaHHblX JIMCnepCMOHHblX 3JteMeHTOB Ha 
OCHOBe $OTOHHbIX KpMCTaJIJlOB C KyGH^eCKOM OnTM^eCKOM 

HeJlMHeMHOCTbK), KOTOpwe nOSBOJIHIOT yMeHblllMTb jaJTMTeJlbHOCTb 

jiasepHbix MMnyjibcoB xio fljiMTejibHocTen, cooTBeTCTByiomMx HecKOJibKMM 
nepMojtaM onTw^ecKoro nojiH, na xapaKTepHbix npocTpaacTBenHbix 
MaciiiTa6ax MeHbuie MMjiJiMMSTpa . 

MsBecTeH jjMcnepcMOHHbiM 3jieMeHT BbinojiHeHHbiM Ha ocHose 
MHorocjiOMHOM nepMOflM^jecKOH cTpyKTypw c MOsyjiHUMePL noKasaTejiH 

npeJlOMJieHMH h/mJ1M HeJIMHeilHOM BOCnpMMM^MBOCTH (Cm. IlMCbMa B 

«3Tcl>, TOM 71, Bbin.9, CTp. 539-543, 2000r- , A.B. AH^ipees, 
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A. B. BaJiaKMH, fl. Byrne h z[p. «KoMnpecci4H 4)eMTOceKyH;5Hbix ceeTOBbix 

MMnyJlfaCOB B TOHKOM O^^HOMepHOM $OTOHHOM KpMCTaJlJie») - 

McnojibsoBaHwe yKasaHHoro wcnepcMOHHoro sjieMBHTa Ha ocHoae 
OflHOMepHoro ^otohhoto KpMCTajiJia c MHorocjioiiHOM nepMow^ecKoii 
CTpyKTypoii c CMjibHoii MOflyji^iuMeM JiMHeiiHoro noKasaTeji^ 
npejiOMJieHMH nosBOJineT ocymecTBJiHTb KOMnpeccMio $eMTOceKyH45Hbix 
jiasepHux MMnyjibcoB npn a^vihb KpncTaJiJia 4.8 mkm. 

yKasaHHbie mcto^hmkh MH$opMaij.MK onMCbisaioT aHajiorw 
3a;iBJieHHoro TexHMHeKOPo pemeHMH, ojiHaKo npe^iCTaBJieHHbie b hmx 
ycTpoMCTBa c^aTMH MMnyjibcoB Ha ocHOBe jiMcnepcMOHHoro sjieMeHTa b 

BMfle $OTOHHO-KpMCTaJlJlM^eCKOM CTpyKTypbl MMeiOT pRXl HejIiOCTaTKOB^ a 
MMeHHO: CJ10;KH0CTb 1/1 BblCOKaH CTOMMOCTb JlOCTaTO^HO TOJICTblX 
(HeCKOJTbKO mm) MHOrOCJIOMHblX nepMO^tM^eCKMX CTpyKTyp, 

HeB03Mo:«HocTb MHTerpauMM yKasaHHbix cTpyKTyp b njianapHyio 
MHTerpajibHO-onTM^ecKyio cxeMy. 

B cooTBeTCTBMM c BbnueM3Jio:aceHHB>iM , sajia^eM nacTOHmero 
MSoSpeTSHMH HBJiHeTCH oOecne'tjeHMe ^iMcnepcMOHHoro sjieMeHTa 
ycTpoiicTBa oth c:«aTi4H MMnyjibcoB Ha ochobs njianapHOM $otohho- 
KpMCTajiJiM^ecKofi CTpyKTypbl c jqjiMHOM reoMeTpMMecKoro nyTM 

MMnyJlbCa neCKOJIbKO MMJIJIMMeTpOB M C BOSMO^HOCTblO MHTerpauMM 

yKasaHHoro xtMcnepcMOHHoro sjieMSHTa b njianapHyio MHTerpajibHO- 
onTM^iecKyio cxeMy, npM 3tom jtocTwraeTCH SojibiiiaH KOMnpeccM^ 
HMnyjibca npi/i MMHMMajibHbix w^paKUMOHHbix noTepnx. 

yKa3aHHhiM pesyjibTaT jaocTMraeTcn o5ecne^eHMeM 

jlMcnepcMOHHoro sjieMGHTa ycTpoiicTBa c»caTi4H jia3epHbix MMnyjibcos^ 

ocymecTBj[>?iomero KOMnpeccMio MMnyjtbca c $a30B0M MojiyjiHUMeM 
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BhinoJiHeHHoro 



ocHose 



nJiaHapHOM $OTOHHO-KpMCTaJlJlM^eCKOM 



CTpyKTypbi 



B 



BMfle 



OJlHOMepHOM 



nepMOflM^ecKOM 



CTpyKTypH, 



C$OpMKipOBaHHOM 



B 



cjloe 



npejaBapwTejibHO 



sa^aHHOM 



TOJlIUHHbl 



BbicoKonpejTOMJi^iiomero MaTepwajia c noKasaTejieM npejiOMJieHM^ n2, kotophm 
HaneceH Ha noflji03KKy c noKasaTejieM npejiOMJienMH ni^ npM 3tom n2 > ni; 
npM^eM nepMOj^M^ecKan CTpyKTypa npe^CTasjiHeT co6om MHoiacecTBo 
napajiJieJibHbix KaHasoK c npejisapMTejibHO sa^iaHHOM iiimpmhom m 
rjiyOMHOM, BbinojiHeHHbix s yKasannoM BbicoKonpejiOMJiHiomeM cjioe na 
paBHbix paccTOHHMHx ^ipyr ot j^pyra, npw 3tom HanpasjieHMe 
pacnpocTpaneHMH MMnyjiBca b jiMcnepcMOHHOM 3j[eMeHTe ocymecTBJi^jeTc^ 
nepneHflMKyjij^pHo yKasaHHbiM KanaBKaM^ a jmwHa wicnepcMOHHoro 
3JTeMeHTa sajtaeTc;? ms ycjiOBWH MaKCMMaJibHoro c»caTMH MMnyjibca c 
^asoBOM MOj^yjiHUHen . 

ripM 3TOM yKasaHHan nepnoxiM^ecKaH cTpyKTypbi MO^eT ©biTb 
noKpbiTa samMTHbiM cjioeM, BbinojtHeHHbiM m3 MaTepnajia c npe^BapMTeJibHO 
sajiaHHbiM noKasaTejieM npejiOMJieHMH 113 m oOecne^MBaiomMM MexaHM^ecKyio 
npo^HOCTb M cHM^eHMe noTepb na pacceHHMe, npn 3tom n3< 1x2 na 
BejiM^MHy, oSecne^MBaiomyio bojihobo^^hob pacnpocTpaneHMe MMnyjibca b 

OflHOMOflOBOM pe^KMMe. 

KpoMB Toro, jxJiviHa jiMcnepcMOHHoro sjieMenTa L , o5ecne\iMBaiomaH 
MaKCMMajibHoe c^aTMe MMnyjibca saflaeTcn b cooTBeTCTBMM c TeopneM, 
M3Ji03KeHHoi4 B (B.Saleh, M.Teich ^^Fundamentals of Photonics"^ John 
Wiley&Sons, Inc. , 1991, Chapter 5, p. 188) sajiaeTCH ms supa^eHMH: 
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r^e k" -jjMcnepcMH rpynnoBOM CKopocTM b $otohho- 
KpMCTajtJiM^ecKOM cTpyKType, a© - CKopocTt> MSMepeHMH $a3bi MMnyjibca 
c $a30B0M MOjiyjiHUMeM, T-^uiMTejTbHocTb MMnyjTbca, BxojiHmero b 

JlMCnepCMOHHblM 3JTeMeHT . 

CorjiacHO BTopoMy BapnaHTy peajiHsauMM M3o6peTeHMH yKa3aHHfaiM 
pesyjibTaT jiocTwraeTCH 3a c^eT o5ecne^eHM^ wcnepcMOHHoro sjieMeHTa 
ycTpoMCTBa jyi^ c^KaTMH i/iMnyjibcoB^ ocymecTBJiHiomero KOMnpeccHio 
MMnyjibca c $a30B0M uojiyjifiw/ievi, BbmoJiaeHHoro na ocHOBe njiaHapHow 

$OTOHHO-KpMCTaJTJIM\ieCKOM CTpyKTypU B BVLJXB JD[ByMepHOil nepMOJIM^eCKOM 

cTpyKTypbi c npeflBapMTejibHO 3aflaHHbiM nepnojioM a, c^opMMpoBaHHOM b 
cjioe npejiBapi4TejibHo 3ajaaHHOM TOJimnHw sbicoKonpejiOMJiHiomero 
MaTepnajia c noKasaTejieM npeJiOMjieHMH n2, KOTopbiM HaHeceH Ha 
noOToacKy c noKasaTejiSM npejioMJieHMH ni, npn stom n2 > ni, npn^eM b 
ysjiax yKasaHHOM MByuepHoPi nepM043M^ecKOM CTpyKTyphi BbinoJiHeHbi 
nepBbie oTBepcTMH npejiBapMTejibHo 3aflaHHbix pasHbix pasMepoB, 
o6pa3yiomne cTOj:6ubi, m BTopbie OTBepcTMH npej^BapMTejibHo 3aflaHHbix 
pasMepoB, oTJiH^Hbie ot pasMepoB yKa3aHHbix nepBbix OTBepcTMH, 
o6pa3yiomj4e npejiBapMTejibHO sa^aHHoe KOJiH^jecTBo coceflHHx ctojiSuob, 
npM 3TOM pasMepbi yKasaHHbix nepBbix m BTopbix otbgpctmm m yKasaHHbie 
noKa3aTejTi4 npejiOMJieHM^i 3ajiaioTCH i/i3 ycjiOBMH obecne^eHMH 
BOJiHOBOjiHoro pacnpocTpaHSHMH B ojiHOMOjioBOM pe^cMMe MMnyjibca c 

$a30B0M MOJiyjlHUMen BflOJIb CTOJ15uOB yKa3aHHbIX BTOpMX OTBepCTMM 

yKasaHHOM CTpyKTypu, npM^eM jiJiMHa jtMcnepcHOHHoro sjieivieHTa 
3aflaeTC-R m3 ycjioBM^i MaKci4MajibHoro c^aTMH MMnyjibca c ^asoBoii 
MojxyjiRimeuL . 
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KpoMe Toro, yKasaHHan xcByMepnaH nepMOW^ecKan cTpyKTypa 
Bbi5MpaeTCH M3: TpMroHajibHOM, npHMoyrojifaHOM mjim KsajipaTHOM 

nepHOflM^ecKMx peuieTOK. 

ripM 3TOM, yKasaHHan nepMow^ecKan CTpyKTypa MO»ceT Outb 
noKpHTa samwTHbiM cjiogm, sbinojiHeHHbiM m3 MaTepwajia c npe^^BapMTeJibHo 
sajiaHHbiM noKasaTejieM npeJiOMneHMH n^, m o6ecneMMBaiomi4M 
MexaHM^ecKyio npo^HocTb m CHmceHMe noTepb Ha pacce^HMe - 

A AHMHa ^McnepcMOHHoro sjieMSHTa L sajaaeTCH m3 Bbipa^eHHH: 

rj^e k" -jiMcnepcMH rpynnoBofi cKopocTM b $otohho- 
KpMCTajiJiMMecKOM CTpyKType, a© - CKopocTb MSMepeHMH $a3bi nMnyjibca 
c $a30B0H MO^iyjiHUMeH, T-^jiMTejibHocTb HMnyjTbca, sxoj^Hmero b 

JIMCnepCMOHHbIM SJieMSHT . 

KpoMe Toro, rjiyOKHa nepBwx OTsepcTMii, BbinojiHeHHbix b y3Jiax 
yKasaHHOM nepMOflM^ecKoii cTpyKTypbi MoaceT 6brTb paBHa, ObiTb MeHbuie 
MJiM npeBbmiaTb TOJimnHy cjtoh BbicoKonpejiOMJiHiomero MaTepwaJia, a 

paCCTOHHHH OT UeHTpOB BTOpblX OTBSpCTHH JXO UeHTpOB ©JIH^aMUIMX K HMM 

nepBHx oTBepcTMfi b ysjiax nepMojjM^ecKoii CTpyKTypbi motkbt oTJiM^aTbcn 
OT nepMojia a yKasaHHOM peiueTKM. 

rjiyGMHbi BTopux OTBepcTMM, BbinojiHeHHbix b y3Jiax yKa3aHHo£i 
flsyMepHOM nepMow^ecKOM CTpyKTypbi MOJKeT 6biTb MeHbiue, paBHa mjim 
npeBbmiaTb TOJimwHy BucoKonpejiOMJiHiomero cjtoh, a Taic^ce rjiy5MHy 
yKa3aHHbix nepBbix oTBepcTWM. 

nepBbie M BTopbie OTsepcTMH covjiacHo BTopoMy BapnaHTy 
peajiMsauMM MsoCpeTeHMH, BbinojiHeHHue b ysjiax ^iByMepHOM 
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nepMojiMMecKOM CTpyKTypbi, mmgiot $opMy KpyroBbix umjimh^pob . 

KpoMe Toro, yKasaHHbie BTopne OTsepcTM^ $opMMpyioT offyiH 
CTOJiSeu B yKasaHHOM flByMepHOM nepnojiMMecKOH CTpyKType, no 
KOTopoMy ocymecTBJiHeTCH sojiHOSOflHoe pacnpocTpaHeHMe wMnyjibca c 

$a30B0M MOJtyJTHUMeM B OWOMOJtOBOM pe»cMMe . 

MsoSpeTeHMe noHCHHeTCH Ha npwMepe npeflno^TWTeJibHbix BapwaHTOB 
ero ocymecTBJieHMH co ccbuiKaMM Ha conpoBOflMTeJibHbie ^epTeacM, npn 
3TOM ojiMHaKOBbie 3JieMeHTbi Ha $Hrypax o6o3Ha^eHH o^hmmm m tbmm 
nosMUM^iMM. Ha ^epTeacax npeflCTaBJieno cjie^iyiomee : 

Ha $Mr.l- npe^iCTaBJieHa cxeMa ycTpoMCTsa C3KaTMH MMnyjibcoB c 
flMcnepcMOHHbiM 3JieMeHTOM Ha ocHOBe njianapHOM $otohho- 
KpMCTajiJiM^jecKoi4 cTpyKTypoM c oflHOMepnoii nepMow^HOCTbK) . 

Ha $Mr.2 -npeflCTaBJiena CTpyKTypa ^[McnepcjioHHoro sjieMeHTa na 

OCHOBe njianapHOM $OTOHHO-KpMCTaJlJII4^eCKOM CTpyKTypOM C OWOMepHOM 

nepHO^iM^HOCTbio corjiacHO nepBOMy BapnanTy peajiMsauMn H3o6peTeHMH. 

Ha $Mr.2a -npejiCTaBJieH o5mMM bm^i CTpyKTypw wcnepcMOHHoro 
3JieMeHTa corxracHo $i4r.2, na $Mr.2S-BMji BepTHKajibHoro ce^eHM^ 
^iMcnepcMOHHoro sjieMeHTa corjiacHo $i4r - 2 

Ha $Mr.3A m 3B-npejqcTaBJieHbi rpa^MKM, nojiy^ennMe b pesyjibTaTe 

MOJieJlMpOSaHMH 4)OTOHHbIX 30H B nJiaHapHOM $OTOHHO-KpHCTaJlJlMMeCKOM 

CTpyKType c oOTOMepnoM nepMojiMviHOCTbio (nepsbiM npjiMep) , rae A- 
MJiJiiOCTpHpyeT ^iMcnepcMOHHyio KpMByio ox^HOMOflOBoro pe:«CMMa c 
OTpMuaTejibHOM jiMcnepcMeM jxjir TE-nojiHpMsauMM,. B-cneKTpajibHa^ 
3aBKtcMMOCTb jWcnepcMM rpynnoBofi CKopocTM (k"pc TE- 
nojiHpMsauMM - 

Ha $Mr- 4 A m 4B-npejicTaBJieHbi rpa$MKM, noJiy^eHHue b 
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pesyjibTaTe MOjiejiMpoBaHMH ^otokhmx 30h b njiaHapHOM $otohho- 

KpMCTaJlJIMHeCKOfi CTpyKType C OjaHOMepHOM nepMOJOM^HOCTblO (STOpOM 

npMMep) ^ r^e A-MJiJuocTpMpyeT ^cnepcMOHHyio KpnByio owoMOXtOBoro 
peacMMa c OTpMuaTejibHOM wcnepoiefi xxjir. TE-nojiHpMsauMM, B- 
cneKTpajibHan saBMCMMOCTb wcnepcMw rpynnoBOM CKopocTM (k:"pc ) juth 
TE-nojiHpM3auMM . 

Ha $Mr. 5A vi 5B-npeflCTaBJieHbi rpa^MKM, nojiy^eHHbie b 
pesyjibTaTe MoxtejiMposaHMH $OTOHHbix 30h njiaHapHOM $otohho- 
KpMCTajiJiM^ecKOM CTpyKType c oflHOMepHoii nepMOflvr^iHOCTbio (tpbtmm 

npMMep) , TJXB A-MJIJIK)CTpi4pyeT XlMCnepCMOHHyiO KpHByiO OJJHOMOJIOBOrO 

peacMMa c OTpMuaTejibHOM wcnepcMen xtJin TM-nojiHpwsauMM, B- 
cneKTpajibHaH saBMCMMOCTb jiMcnepcMM rpynnoaow CKopocTw (k"pc 
TM-nojiHpMsauMM . 

Ha $Mr. 6A i/i 6B-npeacTaBJieHH rpa$MKM, nojiy^eHHbie b 
pesyjibTaTe Mo^iejiMpoBaHMH 4>OTOHHbix soh b njiaHapHOM $otohho- 

KpMCTaJEJIM^eCKOM CTpyKType C OflHOMepHOM nepMOW^HOCTbiO (MeTBepTbIM 

npHMsp) , Tjie A-MJiJiiocTpMpyeT xiMcnepcMOHHyio KpHsyio OBHOMo^OBoro 
pe5Ki4Ma c OTpMuaTejibHOM flPicnepcMeH xuiR TE-nojiapMsauHM, B- 
cneKTpajibHan saBMCMMocTb jtMcnepcMM rpynnoBofi CKopocTM (k"pc ) xsjih 
TE-nojiHpMsauHM . 

Ha $i4r. 7A m 7B-npejacTaBJieHH rpa$MKM, noJiy^eHHbie b 
pesyjibTaTe MOjieJiMpoBaHMH $OTOHHbix soh b njiaHapHOM $otohho- 
KpMCTaJiJTM^ecKOM CTpyKType c ojiHOMepHoii nepMOjiM^HocTbio (nHTbm 
npMMep) , r^e A-wjijiiocTpMpyeT ^McnepcMOHHyio Kp^syio ojiHOMOJiOBoro 
peiaoiMa c OTpnuaTejibHOH jmcnepcweM ^ijih TM-noji^pMsauMM, B- 
cneKTpajibHan saBMCHMocTb jiMcnepcMM rpynnoBOM CKopocTM (k"pc ) jjjir 
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TM-nojiHpMsauMM . 

Ha 4)Mr. 8-npej?CTaBJieHa CTpyKTypa jiMcnepcMOHHoro sjieMeHTa Ha 
OCHOBe nJiaHapHOM $OTOHHO-KpMCTaJTJTM^eCKOM CTpyKTypbi c jieyMepHOM 
nepMojaM^HOCTbio corjiacHo STopoMy aapMaHTy peajiMsauMM M3o6peTeHMH. 

Ha 4>Mr . 9A vi 9B - npejqcTaBJieHbi jtwcnepcMOHHue KpMBbie 

(saBMCMMOCTM ^aCTOTM CBeTa OT BOJlHOBOrO BeKTOpa) BOJlHOBOJEIHblX 

MOR, JioKajiMSOBaHHbix Ha BTopbix oTBepcTMHx, noJiy^eHHbie B 
pesyjifaTaTe MOflejiMpoBaHM^ ^otohhbix soh c TM-noji^ipMsauMeM b 
njiaHapHOM $oTOHHo-Kpi4CTajiJiMtjecKo£i CTpyKType c flsyMepnoM 
nepwowMHOCTbio, rjxe A- MjijiiocTpMpyeT MO^y c OTpMuaTejibHOM 
^iMcnepcMSM, a B- uojxy c nojio:acHTeJTbHOM flwcnepcMeii. 

Ha $Mr. lOA m lOB -• npej^CTaBjienbi wcnepcMOHHHe KpwBbie 

(saBMCMMOCTM ^aCTOTM CBSTa OT BOJTHOBOrO BSKTOpa) BOJlHOBOflHblX MOMf 

jioKajiMSOBaHHbix Ha BTopbix OTBepcTMHX, nojiy^sHHbie B pesyjibTaTe 
MOBejiMpoBaHi4« $OTOHHbix 30H c TM-nojiHpi43auMeM B njianapHOM $otohho- 
KpMCTajiJiM^ecKOH CTpyKType c xiByMepHofi nepMOAM^HocTbio, r^e A- 
MJTJiiocTpMpyeT Mojjy c nojio^MTejibHOM wcnepcMSM, a B- Mojuy c 
OTpMuaTejibHOM jiMcnepcMeM . 

Ha $]4r. IIA m IIB - npejiCTaBJieHbi ^iwcnepcMOHHbie KpMBbie 

(saBHCMMOCTM ^aCTOTbl CBSTa OT BOJlHOBOrO BOKTOpa) BOJTHOBOflHblX MOJXr 

jiOKajTMsoBaHHHx Ha BTopbix OTBepcTHHx, DOJiyyeHHbie B pesyjibTaTe 

MOJieJIMpOBaHMH $OTOHHbIX SOH C TM-nOJinpHSaUMBM B nJiaHapHOM $OTOHHO- 

KpMCTajiJTHMecKOM CTpyKType c flByMepHOH nepM045MHHOCTbK), rxte A- 
MJTJiiocTpMpyeT MOfly c nojio^MTejibHOM ^iMcnepcMefi, a B- mojxv c 
OTpMuaTeJibHOM flMcnepcMeM . 

Ha $Mr.l npeflCTaBJieno ycTpoMCTBO ^jth cacaTM^i MMnyjibcoB, KaK 
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npMMep ycTpoMCTBa, b KOTopoM McnojibsyeTCH xiMcnepcMOHHbiM 3JieMeHT 
B cooTBeTCTBMM c oepsbiM sapwaHTOM peajiMsauMM M3o6peTeHMH. npM 

3TOM yKasaHHOe yCTpOMCTBO COCTOMT M3 HeJlMHSMHOrO 3JieMeHTa 

no3.1,B BMjxe OTpesKa HejiMHewHoro onTM^ecKoro BOJiOKna, 
cos^iaiomero ^asoByio MOjjyjiHUHio Bxoj^Horo MMnyjibca, m nepexo^Horo 
3JTeMeHTa no3.2, sbinojiHeHHoro b BMjae jiM$paKLi.HOHHOM pemeTKM, 
ocymecTBJiHiomero bbo;i MMnyjibca c ^asoBoii MOjiyjiHUMeM, Bwuiejiuiero 

M3 HeJTMHeMHOrO 3JieMeHTa n03 - 1 B BblCOKOnpeJlOMJlHIOmMM CJIOM 

X(McnepcMOHHoro 3JieMeHTa no3.3 m 3JTeMeHTa BbiBojaa no3.4, 
BbinojiHeHHoro b Bvijxe j[M$paKu.MOHHOM peiueTKKi n ocymecTBJiHiomero 
BbiBOji MMnyjibca m3 BucoKonpejioMnniomero cjio;? jjMcnepcMOHHoro 
3JieMeHTa no3 . 3 . 

nepBbiM BapMaHT peajiMsauMM H3o5peTeHMH npejicTaBjieH Ha $Mr. 
2, 2a, 26, Ha KOTopoM npeBCTaBjieH ;ciMcnepci40HHbrM sjieMeHT, b Bvme 
njiaHapnofi $OTOHHO-KpMCTajiJiM^jecKaH CTpyKTypbi cm. $Mr-2,2a,25, 
BbinOJTHeHHOM B BMJje OJIHOMepHOM nepMo^^M^ecKOM CTpyKTypbi, 
c^opMMpoBaHHOM B njiocKonapajiJiejibHOM cjioe BbicoKonpejioMjiHioiuero 
MaTepnajia c npextBapMTejibHO 3aflaHHOM tojiuhmhom m noKa3aTejieM 
npejiOMJieHMH naHeceHHOM Ha nowioi^cKy c noKa3aTejieM npejioMneHMH 

ni, npM 3TOM n2 > ni, npM^eM nepHOxtMMecKan cTpyKTypa npejxcTaBjnneT 
co5oM MHOJKecTBo napaJTJiejibHHx KaHaBOK cm. $Mr 2, BbinojiHeHHbix b 
yKa3aHHOM BHcoKonpejioMJij^iomeM cjioe Ha paBHbix paccTOHHMHx ;5pyr ot 
J5pyra, npn 3tom HanpaBjieHwe pacnpocTpaneHwe MMnyjibca b 
^cnepcMOHHOM sjieMeHTe ocymecTBJiHeTCH nepneHWKyjTHpno yKa3aHHbiM 
KanaBKaM, a xuiviHa ^iMcnepcMOHHoro 3JieMeHTa L, o5ecne^MBaioma;i 
MaKCMMajibHoe c^caTMe WMnyjibca sa^aeTCH b cooTBeTCTBMM c TeopMeii, 
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M3Jio:»ceHHOM B (B- Saleh^M-Teich ''Phundamentals of Photonics'', John 
Wiley&Sons, Inc. , 1991/ Chapter 5, p. 188) sajiaeTCH vis BbipajKeHMH: 

vne k" -jtMcnepcMH rpynnoBOM cKopocTM b $otohho- 
KpMCTajiJiM^ecKOH cTpyKType, pacc^HTaHHan no $opMyjie: 

k = -pjxB Jc-bojihobom BeKTop, 6>-MacTOTa CBSTa, npM stom 

^McnepcMOHHan KpMBan Jc ('ii^ ^ ,CMOjiejii4poBaHa no nporpaMMe «iyiIT 
Photonic Bands»/ Bo - CKopocTb MSMepeHMH $a3bi MMnyjibca c $a30B0M 
MOxtyjiHUHBM, T-^uiHTejibHOCTb i4Mnyjibca, Bxo^iHmero b ^iHcnepcMOHHbiM 

SJieMGHT. 

Ha $Mr.3-7 npeflCTaBJieHbi rpa$MKM, MJiJiiocTpMpyiomMe pesyjibTaTu 
MaTeMaTM^ecKoro MOflejinpoBaHMH C3KaTMH onTw^jecKoro MMoyjibca b 
45Mcnepci40HH0M sjieMGHTe corjiacHo nepBOMy BapnaHTy peajiMsauMM 
MSoSpeTeHM^ . 

Ha $Mr. 8 npejicTaBJieH BTopoii BapnaHT peajinsauMM MSoGpeTeHMH, 
B KOTopoM pacKpbiBaeTCH j^McnepcMOHHbiH 3JieMeHT B BMfle njiaHapHoil 

^OTOHHO-KpMCTaJIJIM^eCKOM CTpyKTypH C XtByMepHOM nepMOJtI4MHOCTbI0. 

yKa3aHHaH cTpyKTypa c^opMnpoBana b njiocKonapajiJiejibHOM cjioe 
BbicoKonpejiOMjiHiomero MaTepnajia c npejiBapMTejibHo 3ajiaHHOM 
TOJimMHOM M noKasaTejiBM npejiOMJieHMH n2, HaHeceHHOM Ha noano^Ky c 
noKasaTejieM npejioMJieHHH ni, npn stom n2 > ni, yKa3aHHaH cTpyKTypa 
npeflCTaBjineT co5om jiByMepHyio nepMow^ecKyio pemeTKy c 
npexiBapMTejibHo saAaHHbiM nepnojiOM a, b y3Jiax KOTopoM BbmojiHSHbi 
nepsbie OTsepcTMH npe^BapHTejibHO sajiaHHbix pasMepoB cm. nos.S, 
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KOToptje paBHbi ueyKjjy co6om, npvi stom yKasaHHbie nepBbie OTBepcTMi? 
oOpasyioT CTOJiSubi, vl sTopbie oTsepcTMH npeflBapMTejibHO saflaHHbix 
pasMepoB CM. no3.6, OTJiMMHbie ot pasMepoB yKasaHHbix nepsbix 
oTBepcTKM, oSpasyiomMe npejiBapMTeJibHo sa^iaHHoe KOJiMMecTso cocejaHMx 
CTOJiSuoB, npi4 3TOM yKasaHHbie BTopbie OTsepcTM^ pasHbi Meacjiy co5om. 

Ha $Hr. 9-11 npe^CTaBJieabi rpa$MKM, nojiy^eHHbie b pesyjibTaTe 
MOj^ejiMpoBaHMH c^aTMH onTM^ecKoro MMnyjibca b j^McnepcwoHHOM 3JieMeHTe 
corjiacHo BTopoMy BapnaHTy peaJiMsauMH M3o6peTeHMH. 

OyHKUMOHMpoBaHwe xiMcnepcMOHHoro sjieMeHTa corjiacHo nepBOMy 
BapnaHTy peaJiMsauMM cm. $wr. 2,2a^26 onncaHo Ha npHMepe 
ycTpoficTBa cacaTMH MMnyjibcOB corjiacHo $Mr. 1. MMnyjibC c $a30Bo£i 

MOSyJlRUMePlr C$OpMMpOBaHHbIM B HeJIMHeMHOM SJieMeHTe n03.1,B BMfle 

OTpesKa HejiMHeMHoro onTM^ecKoro BOJiOKHa, nonaxiaeT b nepexowbin 
sjieMeHT no3.2, BbinojiHeHHbiM b BMjae jiM^paKUMOHHOM peuieTKM, 
ocyiuecTBJiHiomMH bboa MMnyjibca c $a30B0M MojiyjiHuneM, Bbimefliiiero m3 
HejiMHewHoro 3JieMeHTa no3.1 b BbicoKonpejioMJiHiomMM cjiom 
jiMcnepcMOHHoro sjieMeHTa no3 . 3 corjiacHo nepBOMy BapnaHTy 
peajiMsauMM viso&peTBHviR m HBJiHiomMMCH oOTbeKTOM HacTOHiuero 
M3o6peTeHMH, B KOTopoM ocyiuecTBJi^eTCH pacnpocTpaHeHMe MMnyjibca 
nepneHX^MKyjiHpHO KaHasKaM owoMepHofi njiaHapHoii iJ^otohho- 
Kpi4CTajiJiM^ecKOM CTpyKTypu. Bcjiej^CTBMe 6ojibiuoM wcnepcKM 
rpynnoBOM cKopocTM b yKa3aHHOM wcnepcMOHHOM 3JieMeHTe cm. ^viv. 
3-7 $a30BaH Moayji^uMH npeoGpasyeTcn b aMnjiMTyjiHyio, ^to npMBOflMT 
K 3Ha^MTeJibHOMy coKpameHMK) fljiMTejibHOCTM MMnyjibca. flajiee 
nojiy^eHHbiM MMnyjibc nonanaeT b sjieMeHT suBojia no3.4 corjiacHo 
$nr.l, BbinoJiHeHHbiM b BMjqe jaM^paKUHOHHOM peuieTKM M 



13 



ocymecTBJiHiomero BbiBOfl MMoyjibca m3 sbicoKonpejiOMjiHiomero cjioh 
^iMcnepcMOHHoro 3jieMeHTa no3 . 3 . 

YKasaHHaH njianapHa^ ^OTOHHO-KpMCTajiJiMMecKaH CTpyKTypa 
xapaKTepMsyeTc;^ cjie^yiomMMM napaMeTpaMM: noKasaTejis npejiOMJieHMH 
nojiJTo^KM (ni) , noKasaTejib npejioMJieHM^i BbicoKonpejiOMJiHiomero cjioh 
(n2) , noKasaTejib npejioMJieHMH saiUMTHoro cjioh (ns) , npw 

OTCyTCTBMM SamMTHOPO CJIOH = 1, npM 3TOM CJiejiyGT OTMBTMTb 

HajiHVHe samMTHoro cjioh cHM»:aeT noTepw Ha pacceHHne m motkbt 
yjiy^uiMTb MexaHM^ecKyio npo^HocTb, TOJimnHa BbicoKonpejiOMjiHiomero 
CJiOH (H) , rjiySMHa KanaBOK (h) , lUMpwHa KaHasoK (w) , nepviojx 
CTpyKTypbi, T.e. paccTOHHwe mbtkmy cepewHaMM cocewMx KaHasoK 
(a)- CM. 2a, 26, j^JiMHa jiMcnepcMOHHoro sjieMeHTa b 

HanpaBJieHMM, nepneHWKyjinpHOM KaaaBKaM (L) . YKasaHHue 
napaMeTpbi, 6buiM onpej^ejieHbi mgto^iom MaTeMaTM^ecKoro 

MojiejinpoBaHMH no nporpaMMe «MIT Photonic bands» [http: //ab- 
initio .mi t . edu/mpb] 143 yCJTOBMH o5ecne^eHMH BOJlHOBOflHOrO 

pacnpocTpaHSHMH MMnyjibca a ojihomo^^obom pe5KHMe, a TaK5Ke bmcokom 
wcnepcMH rpynnoBOM CKopocTM. YKasaHHaH nporpaMMa ocHosaHa Ha 
MGTOjie pasjio^eHMH no njiocKMM BOJinaM m nosBOJiHST npoBOWTb 
MMCJieHHbie 3KcnepMMeHTbi no onpej^ejienMio xiMcnepcMOHHbix KpMBbix 
BOJiHOBOjiHbix Mojx B njiaHapHbix ^OTOHHo-KpMCTajiJiM^ecKMx cTpyKTypax. 
yKasaHHhie 3KcnepMMeHTbi 6buiM npoBejienbi ^jih mo;^, 
pacnpocTpaHHioiUMXCH nepnenwKyjiHpHO KaHasKaM njiaHapHOM $otohho- 

Kpi4CTaJlJlMtjeCKOM CTpyKTypbl C OJQHOMepHOM nepMO^IM^HOCTbiO B UIMpOKOM 

MHTepBajie MSMeHeHMH napaMGTpoB ni, n2, na, H, a ,ro ,ho,w, a. AnajiMs 
3TMX HMCJieHHbix 3KcnepnMeHTOB noKasaji BOSMO^HOCTb o6ecnetieHi4H 
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ojiHOM0450Boro pe^KMMa BOJiHOBOjaHoro pacnpocTpaHeHHH ceeTa 

sajiaHHOM noJiHpMsauMM m juii/ihu bojihu b sajcxaHHOM paOo^eM jiManasoHe 

(Amax, ^min ) OUeHMBaeTC^ C nOMOlUbK) npeflCTaS JieHHblX rpa4)MKOB 
JIMCnepCMOHHMX KpMBHX HO $OpMyJie I Aniax=<3/C0max, Aniin=a /cOmin, TJCe 

OOmax ^ (^min MaKCMMaJIbHOe M MMHMMaJlbHOe 3Ha\ieHMH 5e3pa3MepHOM 

^acTOTbi cBeTa (a/ {jj,jii/iHa bojihu) ) cooTBeTCTBGHHo Ha rpa4»MKax 
jlMcnepcMOHHbix KpMBbix, a TaK^e Tpe5yeMoro SHaKa jiMcnepcMH 
rpynnoBOM CKopocTM. PesyjibTaTbi noJiy^eHHbix 3Kcnepi4MeHTOB 
MsoSpa^KGHbi Ha $Mr. 3-7. 

Ha $Mr. 3 npe^^cTaBJisHbi pac^eTbi cneKTpajibHMx xapaKTepMCTMK 
njianapHOM $OTOHHO-KpMCTajiJiM'yecKOM CTpyKTypu^ BbinojineHHOM b bhab 

OflHOMepHOM nepMOW^^eCKOfl CTpyKTypU, C$OpMMpOBaHHOM B BM^e 

napajiJiejibHbix KaHaBOK b cjioe BbicoKonpejioMJiHiomero MaTepwajia co 
cjiexiyiomMMM napaMeTpaMM: a= 4 91.7nin^ H=h, w=0.5a, ni=n3 =1.5, 
n2=2.3, r^e ^Jifi sapnaHTa 3A npe^CTaBJiena wcnepcMOHHan KpMBan 
ojiHOMojioBoro pe»cMMa c oTpMuaTejibHOM wcnepcHefi mjir. TE- 
nojiHpMsauMM, a rjir sapMaHTa 3B npeflCTaBjiena cneKTpajibHan 
saBMCMMOCTb jtMcnepcMM rpynnoBOM CKopocTM k"pc ajih TE 

nOJIHpH3aU.HM . 

Ha $Mr.4 npeflCTaBJieHw pac^eTbi cneKTpajibHbix xapaKTepMCTMK 
njianapHOM ct)OTOHHO-KpMCTajtJTM^ecKoii CTpyKTypbi, BbinojiHeHHoii b bmxs.b 

OJIHOMepHOM nepMOJIM^eCKOM CTpyKTypbl, C$OpMMpOBaHHOi4 B BHJie 

napaJiJieJibHHx KanaBOK b cJioe BbicoKonpejioMji^iomero MaTepnajia co 
cjiejiyiomMMM napaMeTpaMM: a= 514.4nm, H=1.0 a, h=0.8a, w=1.0a, 
ni=n3 =1.5, n2=2.3, r^e jxjih BapMaHTa 4 A npextCTaBjiena 
jIMcnepcMOHHa/q KpnBan oflHOMOflOBoro pe^cMMa c OTpnuaTejibHOM 
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^iMcnepcMeM xkJi^ TE-nojiHpnsauMM, a jxjipl BapnaHTa 4B npeflCTaBJiSHa 
cneKTpajibHan saBMCMMOCTb wcnepcMM rpynnosoii CKopocTM k"pc jijih 
TE nojiflpMsauMM . 

Ha $Mr.5 npextCTasjieHbi pac^eTfai cneKTpajibHbix xapaKTepMCTMK 

njiaHapHOM $OTOHHO-KpMCTaJlJlM^eCKOM CTpyKTypbl, BbinOJTHeHHOM B BVIJIB 
OflHOMepHOM nepi40JtM^eCK0fi CTpyKTypbl, C$OpMMpOBaHHOM B BMXte 

napajiJiejibHbix KaHasoK b cjioe BbicoKonpejiOMJiHiomero MaTepnajia co 
cjieflyiomMMM napaMSTpaMM: a= 4 8 8.3nm, H=h, w=0. 5a, ni=n3 =1.5, 
n2=2.3, rjie ^jih sapnaHTa 5A npe^CTasjieHa wcnepcMOHHa^i KpwBan 
ojatHOMOflOBoro pexcMMa c OTpnuaTejibHOM jx^cnepcviePi jxjih TM- 
noJTHpMsauMM, a jijih BapwaHTa 5B npencTaBjiena cneKTpajibHaH 
saspiCMMOCTb j^McnepcMM rpynnoBOM cKopocTM k"pc JXJis^ TM- 

Ha $Mr.6 npej^cTasjieHbi pacMeTbi cneKTpajibHHX xapaKTepMCTMK 

nJiaHapHOM $OTOHHO-KpMCTaJlJlH^eCKOM CTpyKTypbl, BbinOJlHeHHOM B BM^^e 
OflHOMepHOM nepMOJIM^eCKOM CTpyKTypbl, C^OpMMpOSaHHOM B BUJXB 

napajTJiejibHbix KaHaBOK b cjioe BbicoKonpejiOMJiHiomero MaTepMajia co 
CJie^iyiomMMM napaMeTpaMM: a= 47 8 -3nm, H=h=1.0a, w=0.5a, ni=n3 
=1.5, n2=2.3, rjie aj^r BapMaHTa 6A npextCTaBJisHa jtMcnepcMOHHan 
KpMBan oxiHOMOflOBoro pe^KiMa c OTpMuaTejibHofi jxi/icnepcviePi jxJiR TE- 
nojiHpMsauHM, a jijih BapnaHTa 6B npeflCTasjieHa cneKTpajibHaH 
saBMCMMOCTb jiMcnepcMM rpynnoBOM cKopocTM k"pc ajih TE- 
noji«pH3auMM . 

Ha $^r.7 npeacTaBJieHbi pac^eTbi cneKTpajibHHx xapaKTepwcTMK 

nJiaHapHOH $OTOHHO-KpMCTaJlJlM\ieCKOM CTpyKTypU, BbinOJlHeHHOM B BMfle 
OflHOMepHOM nepMOJ^M^eCKOM CTpyKTypW, C^OpMMpOBaHHOii B BVIMB 
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napajiJiejibHbix KaHasoK b cjioe BbicoKonpejiOMJiHiomero MaTepnajia co 
csiejxyiousyLMin napaMeTpaMM : a= 475. 4nm, H=h, w=1.0a, 111=113 =1.5, 
n2=2.3, rjxe nsi^ BapnaHTa 7A npejicTaBJieHa jiMcnepcMOHHaH KpMsan 
ojiHOMOj^oBoro pejKMMa c OTpMuaTejibHOM flMcnepcMBM nsis^ TM- 
noji^pMsauMM, a X5.sifi sapwaHTa 7B npej^CTasjieHa cneKTpajibHaH 
3aBMci4MocTb ^iMcnepcMM rpynnoBOM CKopocTw k" ajih TM- 
nojiHpMsauMM . 

fljiMHa jiMcnepcHOHHoro 3JieMeHTa B^ojib HanpaBjieHHH 
pacnpocTpaHeHMfl MMnyjibca onpajjejineTCH BupaaceHMeM (1) c y^eTOM 

JDtJlMTeJlbHOCTM, M AMCOepCMM rpynnOBOM CKOpOCTM B XlMCnepCHOHHOM 

3JieMeHTe, pacc^MTaHHOM no nporpaMMe ^'MIT Photonic bands". 

Ha $Mr. 8 npe45CTaBJieH sTopoM sapwaHT peajiMsauMM M3o6peTeHMH, 

B KOTOpOM paCKpblBaeTCH ^XMCnepCHOHHblM 3JieMeHT, BbinOJlHeHHblM B Bl/LXXB 
nJiaHapHOH iOTOHHO-KpHCTaJlJIM^eCKOM CTpyKTypbi C XlByMepHOM 

nepMow^HocTbio. YKasaHHaH CTpyKTypa c$opMMpoBaHa b 

njrrocKonapajuiejibHOM cjioe BucoKonpejioMJiHiomero MaTepwajia c 

npeflBapMTejibHO sajqaHHOM tojiiumhom m noKasaTejieM npejioMJieHw;? 
HaHeceHHOM Ha no^yio^Ky c noKasaTeJieM npejiOMJieHHH ni, npn stom n2 > 
ni, yKasaHHa^' CTpyKTypa npejicTasjiHeT co6om flByMepHyio nepMozm^ecKyio 
pemeTKy c npejiBapMTejibHo sa^aHKbiM nepnoflOM a, b ysjiax KOTopofi 
BbmojiHeHbi nepBbie otbspctmh npeztBapMTejibHo saaaHMbix pasMepoB cm. 
no3.5^ KOTopue paBHU Meay^y coSofi, npn stom yKasaHHbie nepBbie 
OTBepcTMH oSpasyioT CTOJiSubi, M BTopbie oTBepcTMH npej^BapHTejibHo 
sajiaHHbix pasMepoB cm. no3.6, oTJiM^Hbie ot pasMepoB yKasaHHbix nepBbix 
OTBepcTMM, o6pa3yK)mMe npe4iBapMTejTbHo 3aflaHHoe KOJiM^jecTBo cocewMx 
CTOJi6uoB, npM 3TOM yKa3aHHbie BTopbie OTsepcTM^i paBHM Me^cxty co6om. 
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KpoMe Toro, jumna wcnepcnoHHoro 3JieMeHTa L , oSecne^JMsaiomaH 
MaKCMMajibHoe oKaTwe MMnyjibca saj^aeTCH b cooTBeTCTSHM c TeopneM, 
M3Jio»ceHHOM B ( B . Saleh , M . Teich ^^Fundamentals of Photonics", John 
Wiley&Sons, Inc. , 1991, Chapter 5, p. 188) sajiaeTCH m3 Bbipa^eHM>5: 

rjie k" -45McnepcMH rpynnoBofi cKopocTH b $otohho- 
KpMCTajiJiH'yecKOM cTpyKType, pacc^MTaHHan no ^opMyjie: 

K = 1-, rjie >c-BOJiHOBOM BeKTop^ fi;-^iacTOTa cseTa^ npM stom 

jlMcnepcMOHHaig KpMBan ic ("6; ^CMoj^ejiMpoBaHa no nporpaMMe «MIT 
Photonic Bands», So - CKopocTfa MSMepeHMH ^asu MMnyjibca c $a30B0M 
Mo^iyjiHUMBM, T-jtJiMTejibHOCTb MMnyjibca, Bxoxiiimero b jqMcnepcMOHHUM 
sjieMeHT . 

flMcnepcMOHHbM sjieuBHT corjiacHO sTopoMy BapnaHTy peajiMsauMM 
HSoOpeTeHMH pa6oTaeT cJiexcyioiiiMM oDpasoM. Pa6oTa yKasaHHoro 
ycTpoMCTBa ocymecTBJiHeTCH Ha npwMepe BbinojiHeHMH wicnepcMOHHoro 
3JieMeHTa c npejtBapMTSJibHo sa^iaHHbiM owmm ctojt6ij.om, c$opMMpoBaHHbiM 

MS BTOpbDC OTBepCTMM, COPJiaCHO $I4r . 8 . MMnyjTbC C $a30B0M MOXtyJlHUMeM 

HanpaBJii^eTCH b wcnepcMOHHbiM sjibmbht corjiacHO BTopoMy BapnaHTy 
peajiMsauMM H3o6peTeHi4H, Tjxe ocymecTBJiHeTCH pacnpocTpaHeHMe 
MMnyjibca c $a30B0M Moj^yji^UMeii no CTOJiSuy, c$opMMpoBaHHOMy i/is 
BTopbix oTBepcTMM no3 - 6 CM. $Mr . 8 , yKasaHHoe pacnpocTpaneHMe 
MMnyjibca mo^cho cpaBHMTb c pacnpocTpaHSHMe MMnyjibca no BOJiHOBojoy. 
Bcjie^cTBMe OojibmoM wcnepcMM rpynnoBOH CKopocTW b jiMcnepcMOHHOM 
suBMeHTe corjiacHo $Mr.ll (^asosan MOjxyjiRuyiR npeo6pa3yeTc;3 b 
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aMnjiMTyjjHyio^ ^to npMBO^04T k coKpameHMio jyiMTejibHOCTM nMnyjibca. 

CTpyKTypa joMcnepcMOHHoro 3JTeMeHTa corjiacHo STopoMy BapnaHTy 
peajiMsauMM M3o6peTeHMH saj^aeTCH cjiextyioiiiHMM napaMeTpaMM: 
noKasaTejib npeJiOMjieHiiH no^Jio^KM (ni) , noKasaTejib npejiOMJieHMH 
BHcoKonpejioMJiHiomero cjioh {nz) r noKasaTejib npejiOMjieHMH samMTHoro 
cjiOH (na) , npM oTcyTCTSMM saiuMTHoro cjioh 113 = 1, TOJiiuMHa 
BHCOKonpejiOMJiHiomero cjioh (H) ^ tmh flsyMepHOM nepMow^ecKOM 
pemeTKM, HanpwMep, pemeTKa Mo:«ceT 5faiTb TpMroHajibHOM, 
npHMoyrojibHOM, njivi KaajipaTHoii, nepwo^ cTpyKTypH, T.e. 
paccTOHHMe Me^jiy ysjiaMM ^syMepHOM nepnow^ecKOM pemeTKM (a) . B 
yKasaHHOM BapnaHTe peaJiMsauHM M3o6peTeHMH paccMaTpMBaeTCH 
cjiy^aii, Korjxa nepBHe m BTopbie oTaepcTMH MMeiOT $opMy Kpyrosbix 
UMJiMHj^poB, pajiMyc nepsbix OTBepcTMH (ro) r rjiy5MHa nepBbix 
OTBepcTMH (ho) f npM 3TOM TJiySMHa yKasaHHMx nepBbix OTBepcTMfi 
Mo^ceT 6biTb MeHbuie, paBHa mjim npeBbiiiiaTb TOJimHHy 
BbicoKonpejiOMJiHiomero cjioh. IIpM stom yKasaHHbie nepBbie oTBepcTMH 
jlojiacHbi nMSTb o^iMHaKOBbie pasMepbi. B yKasaHHOM sappiaHTe 
peajiMsauMM paccMaTpMBaeT pa wye BTopbix OTBepcTMii (rw) / rjiyOwHa 
BTopMx oTBepcTMii (hw) , npvi 3TOM rjiySMHa yKasaHHbix BTopbix 
oTsepcTHM M05KeT 6biTb MeHbiiie ^ pasHa MJTM npeBbimaTb TOJimMHy 
BbicoKonpejiOMjiHiomero cjioh, a Taic^e rjiySMHy nepsbix oTsepcTMii- ripM 
3TOM yKasaHHbie BTopbie OTBepcTMH i4MeioT oflMHaKOBbiM pasMep. 

PaCCTOHHMH OT USHTpOB BTOpblX OTBepCTMH JIO UeHTpOB 6jIM»:aMUJHX 

nepBbix OTBepcTMM Mo:«ceT OTJiM^aTbCH OT nepnojia CTpyKTypw a. 

napaMeTpM ni, 113, H, a , ro ,ho,rw/hw sajtaioTCH TaKMM oSpasoM, 
^To6bi o6ecnewMTb ojiHOMojiOBbiM pe^cMM pacnpocTpaHeHWH MMnyjibca 
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saaaHHOM nojii^pMsauHM m jiJiviHhi bojihu b sa^iaHHOM (pa5o^eM) 
cnexTpajibHOM ^^wanasoHe sjiojib BTopbix OTsepcTMM, a TaK^e Sojibuiyfo 
a5cojiioTHyK> BejiMWMHy m Tpe6yeMbiM SHaK jaMcnepcMM rpynnoBoii 
CKopocTM. A MMeHHo, OTpMuaTejTbHoe sHa^eHMe wcnepcMM rpynnoBoii 

CKOpOCTM nOJTO^CMTeJlbHOrO SHa^eHMH CKOpOCTM MSMeHeHMH $a3bl 

MMnyjibca^ Bbime^iujero m3 HejiMHeMHoro sjieMeHTa, m nojio»:MTejibHoe 
3Ha^eHMe jqMcnepcMM rpynnosoM cKopocTM jXJifi OTpnuaTejibHoro 
SHa^eHMH CKopocTM MSMSHeHMH $a3bi MMRyjibca, Bbimexcinero vis 
HejiMHeiiHoro sjieMeHTa. CorjiacHO $opMyjie (1) aScojiioTHaH aejiM^MHa 
WcnepcMM rpynnoBofi cKopocTM 430JT»cHa SbiTb jiocTaTo^HOH nJiR 
o5ecne^eHMH MaKCMMajibHoro c:«caTMH MMnyjibca Ha npejiBapMTejibHO 
3aflaHHOM xtJiMHe jiMcnepcMOHHoro sjieMeHTa . 

KojiM^ecTBeHHbie 3Ha^eHMH napaMeTpos yKasaHHbix Bbime 
yjtoBJieTBopHiomHx yKasaHHbiM ycjioBMHM onpesejiHfOTCH c noMombio 
MaTeMaTM^ecKoro MOjiejiMpoBaHMH pacnpocTpaHeHMH caeTa b 
jiMcnepcMOHHOM sjieMBHTe corjtacHO BTopoMy sapnaHTy peajiM3auMM 
i43o6peTeHMH. MojaejiMposaHwe ocymecTBjiHeTCH c noMombio 

KOMnbiOTepHoii nporpaMMbi «MIT Photonic Bands». yKa3aHHaH 
nporpaMMa KaK yjKe yKasbisajiocb , ocHosaHa Ha MeTo^e pasjio^ceHMH no 
njiocKMM BOJinaM, nosBOJi^eT npoBOflMTb ^MCJieHHue sKcnepMMeHTbi no 
onpeflejieHMK) jiMcnepcMOHHbix kpmbhx aojiHOBo^iHbix moxl b njianapHbix 

^OTOHHO-KpMCTaJTJlMtjeCKMX CTpyKTypaX . yKa3aHHbie 3KCnepMMeHTbI 6bIJlM 

npoBe^eHbi rjir moji, pacnpocTpanHiomMxci^ no sTopbiM oTBepcTMHM 

$OTOHHO-KpMCTaJTJlMMeCKOM CTpyKTypbl C JIByMepHOfl nepMOWMHOCTblO B 

uiMpoKOM MHTepBajie M3MeHeHM^ napaMeTpoB ni, n2, ns, a,ro ,ho,rw,hw- 

AHaJIM3 3THX ^MCJieHHblX SKCnepMMeHTOB nOKasaJl BOSMO^HOCTb 
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o5ecneHeHMi? oiiHOMOX^oBoro pejKMMa BOJiHOBOjiHoro pacnpocTpaHeHMH 
cseTa saj^aHHOM noJTHpMsauMM m fljiMHfai BOJTHbi B sajiaHHOM (pa6o^eM) 
cneKTpajibHOM ^^wanasoHe, a TaK^e TpeSyeMoro SHaKa ^HcnepcMM 
rpynnoBoii CKopocTW. npw 3tom cbbt pacnpocTpaHneTCH baojib BToptix 

OTBepCTMM. 

PesyjibTaTbi nojiy^eHHbix 3KcnepMMeHTOB M3o6pa:«ceHbi aa $Mr.9- 

11 npMMep paCCMKTaHHMX ^IMCnepCMOHHblX KpMBblX BOJlHOBOJIHbrX MOfl BO 
BTOpblX OTBepCTMHX, 05pa3yK)IHMM CTOJl5eU. npe JlCTaBJIBH Ha $Mr. 

9 B yKasaHHOM npMMepe ^ijih sapwaHTa A paccMaTpMsaeTCH MOfla c 
OTpnuaTejibHoii wcnepcMeM^ jxJifi BapnaHTa B paccMaTpMBaeTCH Mojxa c 
nojioiscMTejTbHOM wcnepcMeM. IlapaMeTpbi cTpyKTypbi sajiaioTCH : tmh 
flByMepHofi pemeTKM -TpMroHajibHan, rii =l/n2 =3.4,n3 
=1, 0, H=ho=hw=0 . 5a, ro/a=0.4 Xw /a=0.3, T.e. b yKasaHHOM npMMepe 

BTOpbie OTBepCTMH MMeiOT MeHblUMM ^MaMSTp, MBM DSpBbie OTBBpCTMH - B 

yKasaHHOM npMMepe o5ecneHMBaeTCH oxinoMojiOBbiM pe?KMM 
pacnpocTpaHeHM^i, npvi 3tom cbbt JioKajii430BaH na CTOJi6ue, 

C$OpMI4pOBaHHOM M3 BTOpHX OTBBpCTMM jqByMSpHOM 4>OTOHHO- 

KpMCTaJlJlM^BCKOM CTpyKTypM . 

fljiH \iacTHoro cjiy^an, Korjia b jiByMepHOM njiaHapnoM $otohho- 

KpMCTaJTJTMMBCKOM CTpyKTypB nponyiUBH OJiyiH CTOJI6BU. BTOpblX 
OTBBpCTMii (MaTBMaTI4^BCKM 3TOT CJiyMaW COOTBBTCTByBT rw=0 , TflB 

- pajiMyc BTopux otbbpctmm) m HMnyjibc pacnpocTpaHHBTCH Bj^ojib 
yKasaHHoro nponymsHHoro cTOJiOua $OTOHHO-KpMCTajiJiMMBCKoii 

CTpKyTypMr npBJ^CTaBJIBHbl flMCnBpCMOHHbIB KpMBbIS ( SaBMCMMOCTM 

^aCTOTbl CBBTa OT BOJIHOBOrO BBKTOpa) BOJIHOBOflHblX MOR, CM. $Mr . 1 0 A 
M lOB, JlOKaJlMSOBaHHblX Ha BTOpblX OTBBpCTMHX, nOJiy^BHHblB B 
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pesyjiBTaTe MOflejinpoBaHMH $OTOHHbix 30h c TM-nojinpHsauHeM b 
njiaHapHOM $OTOHHo-KpncTaJiJiMHecKoii CTpyKType c asyMepHOM 
nepMOWMHocTbio, rjie A- MjijiiocTpMpyeT mo jay c nojio^iHTejibHOM 
jxncnepcvievi , a B- uosy c OTpMuaTejibHOM wcnepcMefi. IlapaMeTpbi 
cTpyKTypbi sa^aiOTCH : tmh RByMepnoPi peuieTKM -TpMroHajiBHan, ni 
=1.0, n2 =3.4,n3 =1, 0, H=ho=hw=0 . 5a, ro/a=0.4, r„ =0. 

YKasaHMbiM BM5op napaMSTpoB oSecne^MBaeT oj^homobobbim pe:«cMM 
pacnpocTpaHeHMH, npM 3tom cbbt jioKajiMsoBaH Ha BTopbix 
oTBepcTM^ix, o6pa3yiomMx CTOJiSeu xiByMepHofi $otohho- 

KpMCTaJIJlM^eCKOM CTpyKTypbi - 

npMMep pacc^MTaHHhix KpMBux flMcnepcMM rpynnoBoii CKopocTM 

BOJlHOBOflHblX MOJX BO BTOpUX OTBepCTMHX, oSpasyiOmMfl OWH CTOJl5eU 

npejtcTaBJieH na $Mr. 11 (A, B). B yKasanHOM npuMepe ajth BapnaHTa A 
paccMaTpMBaeTCH mojxsl c nojio:acKiTejibHoi4 flMcnepcweM, 4IJ1h BapnaHTa B 
paccMaTpHBaeTCH MOjaa c oTpMuaTejiBHOM jxi/icnepcviePi . riapaMeTpbi 
CTpyKTypbi sajiaioTCH :TMn jtByMepnoM pemeTKKi -TpMronajibHaH, ni 
=1.0, n2 =3.4,n3 =1, 0, H=ho=hw=0 . 5a, ro/a=0.4 rw /a=0.3, T.e. b 
yKasaHHOM npMMepe BTopbie oTBepcTMH mmbiot mshbiiimm ^MaMeTp, yeM 
nepBbie OTBepcTMH. B yKasaHHOM npMMepe oOecne^MBaeTc;? 
oxcHOMO^iOBbiM pe^HM pacnpocTpaHeHM^i , npn stom cbbt JiOKajiMSOBaH Ha 

CTOJiSue, C^OpMMpOBaHHOM M3 BTOpBIX OTSepCTMM J^ByMepHOfl $OTOHHO- 
KpHCTaJlJTHHeCKOH CTpyKTypB! . 

Sa^BJieHHbie BapwaHTbi jiMcnepcMOHHoro 3JieMeHTa aa ocHose 
ruiaHapHOH $oTOHHO-KpMCTajiJiM\iecKofi CTpyKTypbi c OflHOMepHoii kejim 
j^syMepHOM nepMojcM^iHocTBio ecTecTBeHHbiM o6pa30M MHTerpMpyioTCH b 
onTM^ecKoe ycTpoMCTBO Ha oahom ^nne c McnojTB30BaHMeM TpajiMUMOHHBix 
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MeTOflOB CBH3I4 MS^y sjiBMeHTaMM cxeMbi, a TBKJKe npM ero 
MsroTOBJieHMM MO^CHO McnojifasoBaTb xopoiiio paspaSoTaHHbie MeTojtbi 
HaHo-jiMTorpact>Mi4. 3to nosBOJi^ieT cosjiaTb ^iMcnepcMOHHbiM 3JieMeHT 

SOJlbllieM JXJlMHbl no CpaBHeHMK) C MSBBCTHUMM M3 ypOBHH TeXHMKM 
KOHCTpyKUMHMM B BUJIB MHOrOCJTOMHOM CTpyKTypM M npM 3TOM HOJiy^MTb 

OoJibiuyio KOMnpeccMK) PiMnyjibca. McnojibsoBaHwe «BOJiHOBOjiHoro 3$$eKTa» 

B SaHBJieHHOM yCTpOMCTBe n03B0JlHeT CKOHUeHTpwpOBaTb MSJiy^eHMe B 

HanpaBJieHMM pacnpocTpaHeHM^i h M35e^aTb 3Ha^MTejibHbix ^M$paKij,MOHHbix 
noTepb - YcTpoMCTBo corjiacHO i43o5peTeHMK) mo^cst ycneuiHO 
McnojibSOsaTbCH b Tsep^ioTeJibHbix KopoTKOMMnyjibCHbix jiasepHbix 
CMCTeMax. 
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OopMyjia M3o6peTeHMH 

1 . flMcnepcMOHHbJM 3JieMeHT ycTpoMCTBa c^aTMH jiasepHbix 
MMnyjibcoB^ ocymecTBji>5iomHM KOMnpeccMio MMnyjibca c $a30B0M 
Mojxyjis^uyievi, BbinojiHeHHbM ocHOBe njiaHapHoii ^OTOHHo-KpncTajiJiMMecKOM 
CTpyKTypbi B BMjie ojjHOMepHOM nepMOw^ecKOM CTpyKTypw, 
c$opMMpoBaHHOK B cjloe npe^BapMTejibHO sa^aHHOM tojiiuhhh 
BbicoKonpejioMJiHiomero MaTepnajia c noKasaTejieM npejiOMjieHHH n2, KOTopbiii 
HaHeceH Ha noOTO^iocy c noKasaTejieM npejioMJieHMH ni, npi/i 3tom n2 > ni; 
npM^eM nepMojXM^ecKaH CTpyKTypa npe^tCTaBJineT co5om MHo^ecTBO 
napajTJiejibHbix KanaBOK c npejiBapMTejibHo sajaaHHOM un/ipi/iHoPi m 
rjiyOMHOM, BfainojiHeHHfaix b yKasaHHOM BbicoKonpejiOMJiHiomeM cjioe Ha 
paBHMx paccTO^HMHx jvpyr ot jtpyra, npi/i 3tom HanpasjieHMe 
pacnpocTpaneHMH MMnyjibca b jtMcnepcMOHHOM sjieMeHTe ocymecTBJiHeTCH 
nepneHjctMKyjTHpHo yKasaHHbiM KaHaBKaM, a xuiMHa flMcnepcMOHHoro 
3JieMeHTa sajiaeTCH ms ycJiOBMH MaKCMMajibHoro c^aTHH nMnyjibca c 
^asoBofi MojiyjiHUMeii . 

2. flMcnepcMOHHUM 3JieMeHT no n. 1, oTJiM^aiomHficH tbm, ^to 
yKasaHHan nepMowMecKan CTpyKTypbi noKpbiTa samHTHbiM cjioeM, 
BbinojiHeHHbiM H3 MaTepHajia c npejxsapMTejibHO sa^^aHHbiM noKasaTejieM 
npejioMJieHMH na m o5ecne^MBaK)mi4M MexaHM^ecKyio npo^HOCTb m chvdkbhvlb 
noTepb Ha paccenHMe, npn stom n3< n2 Ha eeJiM^MHyr obecne^MBaiomyio 
BOJTHOBOflHoe pacnpocTpaneHMe MMnyjibca b obhomo^obom pe:KMMe. 

3. flMcnepcMOHHbiM sjieMSHT no n. 1, oTjiM^aiomMMCH tsm, \^To 
MJiMHa wcnepcMOHHoro 3JieMeHTa L sajiaeTCH ms Bwpa^KeHMH: 
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TMe ao - CKopocTb uisMBpeHviR $a3hi MMnyjibca c $a30B0M MonyjifmyiBvi , 
k" -jiMcnepcKiH rpynnoBOM cKopocTM b owoMepHOM njiaHapHOM $otohho- 
KpMCTajiJiM^ecKOM CTpyKType, T-^JiMTejibHocTb BxojaHoro MMnyjibca. 

4. flMcnepcMOHHbiM sjieMSHT, ycTpoMCTBa jsjifi OKaTvifi JiasepHbix 
MMnyjibcoB, ocymecTBJi>iioim4M KOMnpeccMio MMnyjibca c $a30B0M 
MOj^yji^UMBM, BbinoJiHeHHbiM Ha ocHOBe njianapHOM $otohho- 
KpMCTajiJTKiHecKOM cTpyKTypM B BVLAQ jiByMepHOM nepMow^ecKOM 
CTpyKTypw c npeflBapwTeJibHO saj^aHHbiM nepMojjOM a, c^opMMpoBaHHOM b 
cjioe npejiBapMTejibHO sajiaHHOM TOJimwHbi BbicoKonpejioMJi)5iomero 
MaTepnaJia c noKasaTejieM npejioMJieHMH KOTopMii HaHecen na 
noAno:«CKy c noKasaTejieM npejiOMJieHHH ni, npn stom nz > ni, npM^eM b 
ysjiax yKasaHHOM j^ByMepnoM nepMOjiM^ecKOH cTpyKTypbi BbinoJiHeHbi 
nepBbie oTBepcTMH npejQBapMTejibHo sajqanHbix paBHbix pasMepoB, 
oOpasyiomHe cTOJi5ubi, m BTopbie OTsepcTKiH npeflsapHTejibHo sajiaHHbix 
paBHbix pasMepoB, OTJiM^Hbie ot pasMepoB yKasanHbix nepsbix oTBepcTHii, 
obpasyiomMe npejisapHTejibHO sajiaHHoe KOJiM^ecTso coce;^HMx ctoji6uob, 
npvi 3TOM pasMepu yKasannbix nepBbix m BTopbix OTBepcTMM m yKasaHHbie 
noKasaTejiM npejiOMJieHM^i sajjaiOTC^i ms ycjioBM^i o6ecne\ieHM^ 
BOJiHOBojjHoro pacnpocTpaneHMH b o^ihomoj50bom pbtkmmb MMnyjibca c 
$a30Bofi MojsyjiRwevi Bflojib ctoji6uob yKasanHbix BTopbix OTBepcTMM 
yKasaHHOM cTpyKTypbi, npn^eM wrnna AMcnepcMOHHoro 3JieMeHTa 
3aflaeTCH vis ycjiOBMH MaKCMMajibHoro c^KaTMH MMnyjibca c ^asoBoii 

M045yJlHUHeM . 

5. flMCnepCMOHHblH SJieMBHT no n. 4, OTJIM^aOUMMCH TeM, ^to 
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yKasaHHan jiByMepHan nepMow^ecKan CTpyKTypa Bbi5i4paeTCJ=[ vis: 
TpwroHajibHOM, npHMoyrojibHOM mjim KBajipaTHOM nepwojiMtjecKMx pemeTOK. 

6- flMcnepcMOHHiaiM 3JTeMeHT no n. 4, OTjiM^afomwiicH TeM, vto 
yKasaHHa^i jaayMepHafl nepMOflM^ecKaH cTpyKTypa noKpbiTa samMTHbiM 
cjioeM, BbinojTHeHHfaiM M3 MaTepMajia c npejaBapMTejibHO saj^aHHbiM 
noKasaTejieM npejiOMjieHMH na, m o6ecne^MBaiomMM MexaHw^ecKyio 
npo^HOCTB 1/1 cHi/DsnBHvie HOTepb Ha pacceHHMe. 

7. flMCnepCMOHHbIM SJieMGHT no n. 4, OTJIM^aiOmPlMCH TeM, ^TO 

jyiMHa flMcnepcMOHHoro sjieMeHTa L saaaeTCH m3 Bbipa^eHHH: 

rjie a© - cKopocTb MSMepeHMH $a3bi MMnyjibca c ^asoBofi 
MOMyjinixuBpir k" -wcnepcMH rpynnoBOM CKopocTM b ootombphom 

nJiaHapHOM $OTOHHO-KpMCTaJIJlM^eCKOM CTpyKTypa , T- WIMTSJlbHOCTb 

BxojiHoro MMnyjib ca . 

8 - flMCnepCMOHHbIM SJieMGHT no n . 4 , OTJIM^aiOmMMCH TBMr ^TO 

rjiyOMHa nepBtix OTsepcTMH, sbinoJiHeHHbix b ysjiax yKasaHHOM 
nepMOjiHMecKOH cTpyKTypbi Mo^eT 6biTb pasHa, 6biTb MeHbiiie mjth 
npeBbnnaTb TOJiiUMHy cjioh BMcoKonpeJiOMJij^iomero MaTepMajia. 

9. flMcnepcMOHHbiM 3JTeMeHT no ojtHOMy ms nyHKTOB 4, 8 

OTJTM^aiOmMMCH TeM,. ^TO rJiy6MHa BTOpblX OTBepCTMM, BbinOJIHeHHblX B 

ysjiax yKasaHHOM nepMOW^ecKoii cTpyKTypbi mo^cst 6biTb Menbuie, paBna 
MjiM npeBbnnaTb TOJimwHy BbicoKonpejioMJiniomero cjtoh, a TaK:«ce rjiyOHHy 
yKasaHHbix nepsbix oTBepcTMM. 

10. flMcnepcMOHHHM sjieMeHT no n. 4, OTjiM^aiomMMCH tbm, ^to 

paCCTOHHMH OT UeHTpOB BTOpblX OTBepCTMM MO USHTpOB SjlMXCaMIIIMX K HMM 
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nepBbix oTBepcTMM B ysjiax nepnojiM^ecKOM cTpyKTypbi M05KeT oTjiMHaTBCH 
OT nepMojia a yKasaHHofi cTpyKTypbi. 

11. flMcnepcMOHHhiM 3JieMeHT no oTJiM^aiomMMo? tsm, ^to 

nepBbie m BTopbie OTsepcTMi^, BtmojiHeHHhie a ysJiax ^tByMepHoii 
nepMow^ecKOM CTpyKTypbi MMeiOT $opMy KpyroBbix umjimhjipob. 

12 .flMcnepcHOHHbiM sjieMeHT no n.4, oTjiw^aiomHMCH TeM, mto 
yKasaHHbie BTopue oTBepcTMH $opMMpyK)T ojimh CTOJi6eu b yKasaHHOM 
flByMepHOM nepMOjiM^ecKOM CTpyKType, no KOTopoMy oGecne^MBaeTCH 
BOJiHOBOWoe pacnpocTpaHBHHe MMnyjibca c ^asoBoii Moj^yjiHUMen b 
OJIHOMOJIOBOM pexcMMe. 
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Pe4)epaT 

M3o5peTeHMe othocmtch k o6jiacTM JiasepHoii TexHHKM m 

BOJIOKOHHOM OOTHKM . 3aHBJieH ;5MCnepCMOHHbIM 3JieMeHT Ha OCHOBe 

njianapHOM $oTOHHo-KpMCTajiJiM^ecKofi CTpyKTypu, c4>opMMpoBaHHOM B 
cjloe BucoKonpejioMJiHiomero MaTepwajia, npM 3tom yKasaHHan 
CTpyKTypa corJiacHO nepBOMy BapMaHTy peajiMsauMM M3o5peTeHi4H 
npeflCTaBJiHST mho^bctbo napaJiJieJibHbix KaHaaoK c npe^BapHTejibHOM 
sajiaHHoii uimpmhom m rjiySwHOM, npM 3tom HanpasjieHMe 
pacnpocTpaHeHM^i MMnyjibca ocymecTHJineTCH nepneHjxMKyjinpHO 
yKasaHHbiM KanaBKaM, a XLJivina wcnepcHOHHoro sjieMeHTa sajctaeTCH vis 
ycjioBHH MaKCMMajibHoro c^aTMH MMnyjibca c ^asoBoii MO^iyjiHu.Mei4 . 
riepHojtM^ecKaii cTpyKTypa corjiacHo BTopoMy BapwaHTy peajiMsauMM 
M3o6peTeHMH BbinojiHSHa B BM^^e ^ByMepHOM nepMojiM^ecKoii cTpyKTypbi 
corjiacHO (i)Mr.8, b ysjiax KOTopoH BbinojiHeHbi nepBbie otbspctmh 
no3.5, KOTopbie paBHbi Me^jcy co5om m o5pa3yiOT ctoji6u,m m BTopbie 
OTBepcTM^ no3.6, KOTopbie paBHbi Meacjiy co6om m oSpasyioT 
npeflBapMTejTbHo 3ajaaHHoe KOJiM^iecTBo cocesHMX ctojtSuob^ npM stom 
pa3Mepbi nepBHx oTBepcTMii OTJin^aioTc^ ot pa3MepoB STopbix 
OTsepcTMM, npM^eM pasMepbi yKasaHHbix nepsbix m BTopbix OTsepcTHM m 
noKa3aTejiM npejiOMJieHMH BbicoKonpejiOMjiniomero MaTepnajia m nojiJio»cKM 
sa^aiOTCH 143 ycjiOBHH oOecne^eHMH BOJiHOBOWoro pacnpocTpaaeHMH b 
oflHOMojioBOM pe^cMMe MMnyjibca c $a30B0ii MojiyjiHUMeii bjiojib ctojiSuob 
BTopbix OTBepcTMM yKasaHHOM CTpyKTypu^ npMMGM bo BTopoM sapMaHTe 
peajiM3aiJ.MM jxJiviHa j^McnepcMOHHoro sjieMeHTa saj^aeTC^ m3 ycjiOBMH 
MaKCMMajibHoro cacaTMH MMnyjibca c $a30B0M MOjiysiRuyiBvi . 



